f

NO 26 AUGUST 1988 .

TWITT

EWSLETTER

Newsletter Editor

1Iype B-11 der
Andy Kecskes

Ahﬂ LEIG Berlin
/N IS GRANTED to reproduce this publication, or/ f@
portid_//thereof. provided credit is given to the author/ Ad
publisher, and to TWITT. {f

Ir]! I."

——TE

TWITT

(The Wing Is The Thing)
PO Box 20430

El Cajon, CA 92021

Movie- "The Impossible Takes A [fhe next TWITT meeting will take
Little Longer" the story of the place Saturday 20 August 1988 at
Convair Skate 1530 hours in Hangar AL, Gilles-

lpie Field, Bl Cajon, California,




UnfnrtUﬁately, the gmail
Er. anten dlu not ﬂFt the

d anymore infermation on
hean discoverad. He had
ia cﬂft, of the Vintage

=
[zl

ility of soar plans

ar drawings of 1 and there were effarts
underway to get thai
#gh then ask Lee Hobby to zhaow

3ome
at Torrey Fines during the late fi

. I tic

nc coming off the wing aj ngle h glet also
kad a neticeable amgunt of wash-in at the tips, which is a new
copcent in winglet design. The main wipo alsp had about 2
degreas of negative incidence which worked its way out to zern
3t the wing tip, sn it is effect the eguivalent of havipg
gash-in.

The fuselagez pad had many unigue control featurss, which
gade it a mechanical nightmare. The rdeF peddles worked
through 3 verv roppler set of telescoping supports, aliowing a

targe amoun t of fore/ ft adjustaent. It all looked guifs {fancy,
fut y and Evpnnq've. Thn» alsn had a drop
i for ¢ 13 and occillation
Ll the al r-'a++ S racovery garatLLte svstem is
g t was ohvious they dor’t want to loose
H des k

ith a very campiey wzﬁf-rake ta mAasure
is i5 a project of the DFYLR {Berean squivilant to
determine the houndry laver turbulencs froa tun
tvoes of tapes, [ne has zigzags alann the leading
g the other nas U‘mﬂlt: h aerodynamicist
+

raft that have out performed Holr

1 ic zerndynamicist is trying a new
ving #ing hang glider with the pilst wit
d with the airframe; and a 0% chord
ga out to abput 40-45% span, alaong
The flaps deflect ahout regativ
ive, with an approgimatelv 15 degree
1 hand Taunched) would fly lomg

H1

refler or zerc setting., Then whep the flaes
pu* Fﬂv about halfway the model glides in fully stable
quH ta a mid-paint landing site. At full +lzps the model
lands very ciose to the launch point, again with very gosd
Thiz ic dus to the flap’s span, in effect,
aerodvnamic twist of the wing, and therefore
e stability, The concept ic working in the modei
t was not certain how it will work in a full
zatian,

3t
went on to describe some of the techriques used in
i fur the Huscleal. I re Was a -1
foot, which was

a small tube in

for the aluainun
pall pieces of wocd

sam:iaI hed in between to create a ribh like
1th. The HEEElEal’ IT had a fully
an of about 737, and ueighed

paunds, =till 5;

{hoy does that hang
oduced our main speaker, erm

er gat hat in

r it Va

h's newsletter for his background info.} Since
i

n Every,
iewqraph @achine available he had to change the
of his talk somewhat. Originally he was goint
the history and developsent of airfoils, and then
B practical applications. However, he
ion to the group an the subject of
ritical Mach number and Mach number for
eyperts will tell vou these tws are
Hr. Van Every deesn™t think this is
ily friﬂ If it were true we wouldn’t have super
technology or supsrcritical wings. His sguation was
idd (¥ critical #'M drag divergence or force
nced and he falt these probably do neot occur at the
{Hc

ta nose a que
on between

ime, Fur +h nse who say this is true then Hdd = f{Hcri,
in he {21t this was pot true either,
Yan Pgery th_n cnmmen d i how cogput



Fdd can bﬁ used
2 pyreeded with
es. Specif
u fave a

=

the right
5}

l-l-l
=1
]
-o-. - D

i ic
1 !
_1tﬂ SOgE suhsanl 1

very went on to plat lift anﬂ drag in thes hi g
ges. Using zero lift coefficient, with drag sta

Iy constant with Rach nuaber up to the t

ag rize, This drag increase reaches a pEsF whlr
sonic value, The Mer could occur just about anyuhere
vE., Gome of the first data to show this was the

F"ll:l

'r n
-
[T4)

ric ts run by Dr. Bosthert of the VL in foloagne, Germany
ch to our attention right after the war. He took 2
nunter of the NACA four and five digit airfoil thicknass
distrihutions and charoed the geameterv in variaus systematic
manners. He found that Mer somstipes occurs before the drag
rice and at tiames zfter the rise. Another person working alonag
this line was Pearcey of the Hatianal Physics Labaratory in
freat Britair, whare he developed the Feaky airfoils. These
t

] i
f an ear Ey supercritical airfoil, although withsut
rsonic flow that the later Whitcosh airfol

ng o
aventional airfoils.

anp int EFFSt ng sidelight to airfoil history is that we are
| fagiliar with the

h
i1 four a digit airfoils which have &
thickness distribution about

hey tn
0

Ve
t he Elarb Y ar Eer@an

[l - U

nd fiv
like

g ]

1
haettlngen I96. dhen they took o
g the same thickness you couldn’ f tezl one from the
TH1= thickness distribution Secase the model for the
and five digit airfoils, ﬁt that time it was =Ery giffi
amnpute the prassurs dist ibution over apy arbitr
alia one fhe NQFH Ben; ’hﬂuinr

,nvEr‘ FVE1+L

GlStleJthn GYEF any alr?all lf youl S;Etlfle the ardznates and
it had a sharp trailing edge, and you met the Kutta condition
ghere the flow coges off cmoothly at the trailing edge. Futiing
ig in todays high speed computer terms, it fook two proficient
calculator operators ahout one month to come up with a single
incompressihie pressure di

1 g rlbutian; shereas it can now be done
in less than a hour, deperding on the computer’s size and sp2ed,
and be aither campressihle or incosprescible data,

He went on to talk about FLD 22, a analvsis code deysin;ed
by Jameson for caiculating pressure distribution of a wing
sticking out of a wall. The wall was representative o L4 the

1 i il guita f ight aspect ratia or the
t : g B8

some newer aodifiied
rdarv lﬂverﬁ u#;tf

arg still in today by and many

that are supportad by HASA ﬁm¢5= ijaae=3ﬁ 15 N0 Lp to f

uhich will give flow distribution or pFESSL'P ﬁisfr'nnxlﬁn {
patire airplane.) FLO 2% or 274M is a3

that works well on
restlts achisyed t
have to add soae t

8] 5

l"_l

2 adjustaents have heen made for
ro gh wind tunnel tects.
pe of Hach number increment to allow for
what the hodv gererates because of the assumption of a wall
in the code. This mekes it a reasopably flexikie code,
although it daes have some limitations.

One thing he wanted to caution about was that sarly
suparcritical airfoils were not that oreat. Although they
tended to shift the drag rise curve over, some of them with
Biunt leading edges had a tendsacy to produce drag creep. At
the lower speads vou could have losses while moving at higher
speeds vou could he making a gain. The supercritical wing
can add an increment to the drag diverasnce of between .08

Far sxapple, vol

hro
i

[k}

and .1, which is an appreciable apount., Coaparing thic to
thickness ratin, a 1% chanae in thickness ratic might
increase the drag rise Wach number 012 or so. & reduction

in aspect ratic from 7 to A might reduce drao rise ahout 2

f=.01,

roblem the cosmercial aircratt

'“siz They are always trving to push
almost always cruising up on

aus asked what the Germans

to get better fuel econamy,

as his understanding the

using a full supercritical
the supercritical

ntages in certain flight

~
—
o
=
n
L
S
'
N
—
i
=
w3
r=]
—
=
N
e
0 w3
=)

-
the drag rize a littie ways. K
wer2 doing with the Airbus sing
ﬁr, Uan Ev#ru commented t.at is
A

to

1
girfoil since the 1sadvan
conditions, and they have not been forced to use the newer
wing. He had asked Douglas ehy they u use ed a supercritical
wing aon the C-17 prototype (tactical airlift aircraft for
autzize carge) while Boeing had opted net to on their
competition bid aircraft. He didn’t offer the answer to the
question he posed to Douglas. He did think supercritical
airfoils are going to he used more in the future. Hernan
Mﬁrt d that Bosing use d much highﬂr SKEED Anuln for

1ntrease= ss1bie ﬁandllng :haracterlstla_. The que:tlun
was asked atout whether the new airfoils must maintain its
shape better than comventional airfoils therefore raising the
manutacturing costs due te construction constraints in
achisving this goal. Var Everv thought we were in the
proress of a chanps in construction. He had planmed to
address this subject in his eypanded version of the
gresentation, bet did comeent on the use of perhaps using
composite structures to reach the desired goals in drag rise
and laminar flow, Hosever, MASA has determined that for
sgaller aircraft igeneral aviation, business jats, et'

there iz Ao reason why you shouldn’t strive to get laminer
tlow across the serfaces. Hany of these types of alrcraff
ara heing develsped through increased use of composite
materials,

Bild 16.
der Akaflieg Berlin von 2 m Spannweite

Windkanalmodell des Projekies 13 11



o
pos i

i
] at the frnilin1 gdge. He a
g fact that they work weil 3
ist v if they {1y
sCRessively nlqh altitudas,
r too high vou can get press owzr or higher
Raluh cn@ﬁented that early ﬁanlﬂn had

revert tuck-under. Hr. Jan

n to coptrol tuck-undsr, of to
fuel, etr.
ed to come back another time to go into
tke view graphs, shich mas

e
— e

=

[son)
P e o=
P

|_n —_—

Bri q{-“m r:rn dlw

-—
;-.. P
|‘1’ [=1]

cefficient is tog

[=)
E
I_'l

'::I

e L e Iy =

[
—
=
=
=)
s
=
=R
W
m
M
e
-
=]

=
n
-
[
n'n 2

LENS have h
] 1’43 whesls,
#e

m
b s
[T )

[N

using
pt d hv the group.
en put on a tape of 2 Japanese college students
competing in & contest of glider and ean powered witra-ultra
lights. 1t is quite entertazining to see the ingenuity of design

ten anly ended in a short fall to the water after launch
] pl tfors, After

ring a sisilar contest in the future where the aircraft
nu'd be limited to only flving wings.

With that the geeting was adjourned.

3’."
l.u

radford ¥. Powers

Tt:g will be Hr. Fowers second appearance with THITT,
having giv presentation on the concept of dvnasic similitude
it the ]1ne 1987 meeting. Hr. Powers, a foraer Convair
sngineer, worked with dvnamic aodels of flving doats, and has
writisn ceveral articles for model magazines., At the fugust
aesting he will be j:scus:nq weight and halance as tha probhiems
i o frem godels to full size aircraft, He will
] tl;m on the Canvair Skate, an jet fighter

o aperate frog the water, a iscuss some of the
gatures and their inherent praobises.

or
B3
w

L
pad
m
2t
= o
m M
I
i
o
=
ua
[XO)

'Hrn..
r.u .—r-

THITT NOTES

RAFFLE:
raffle priza.
drawing.

C.H. Nichzlson wan the aulti-outlet sxtension ford
He then

flue date for the Ser
7. I possible, gle
plan

it er yill he
r 7. for
arlisr so the editor can

gation in

¥Oopra kS

HATLING:
pailing s
i<

label indicate when vour

d below this will be your
11 {3 or gore cantribution

tive, rln ing anj sailing costs, Contact

t geeting of send it in so vou can continue to

fusble | f: reation.

ge h

the film, Bab commented on TWITT perhaps

donated it back to THITT for nest mopth’s

Raobert Hopoe fitane Renken

Klanz Savier

their Western Workshop at Tehachapi, Ca
{Laborbay weskend). Contact Jig Rilis
will ke a laot of homshuilts as well as factory

HEETINGS: The Sailplane Home Builders As
alif,

INES FOR SALE

ITJ

Harten HIV Fiving Wing. Incos ginal drawings on 18"
- e

ari
¥ 24" blueline, 21 sheets, #Z3 per page. Alrfuil
uscript,

0

mpiet
23 per

coordinates, 44 pages, $10 pp.  Mamu 223 pages, $30
. Mrite! Flight Engineering & Development, P.0. Hox 567,
allas, G4 30132

Have slans, fuselage an

1ng cnmgleted. Rudder ans
ﬂlsn hve landing gear, tou
ibs, Hell over $3000 warth of
r saie: [ have two kits and
Rip. Eall Lew Johpson, (301)

e Iy < —
[T = T t—J
u
O L_J‘ o = l-—‘ |"'-
r_\. [~

l_'JCII‘III’"""

ke Fionser Praject Wing, r
selage and encugh wood to fin
234-2049 OH

t about all the time,

ere jus
Except when I'm someplace else.

OFFICE HOURS
as late as 12 or 1.
WE CLOSE about 5:30 or 6
Occasionally about 4 or 5, But--

OPEN Most days about 9 or 10
Occasionally as early as 7, But SOMEDAYS

aren't here at all and Lately

Sometimes as late as 11 or.12.
SOMEDAYS or afternoons, we

I've been h




By JOHN RAPILLO. . .In this first of two parts examination of the swept-wing configuration, is an aeronaut-
ical engineer and model builder who has devoted his life to aviation pursuits. Here he discusses the basics.

® The author, John Rapillo, has had a long
and varied association with aircraft, both
model and full-size, including free flight,
indoor, and radio-controlled models, and
has served as a judge in Scale Masters’ com-
petitions. He is retired from Douglas Air-
craft, where he spent 41 years in various ca-
pacities as an engineer and in manage-
ment. Today he is part-owner of Lancer En-
gineering, which provides general aviation
airplane design and modification services.
John flies the company Beechcraft Bonanza
A36 almost daily, and he is an instrument
and multi-engine-rated commercial pilot.
Presently he is completing a two-place
homebuilt aircraft of his own design. It
seems redundant to add John’s final com-
ment: “All of my career has been associated
with and dedicated to aviation and things
aeronautical”

The Forward-Swept Wing (FSW) model
design, construction, and flight articles
which appeared recently in the December
1987 issue of Flying Models by Dick Sarpo-
lus and similarly, the two articles by Don
Sobbe in the February and March 1987 is-
sues of R/C Modeler, are very notable and
commendable approaches to a rather
unique phase of model design and R/C fly-
ing. It is interesting to note the somewhat
successful results achieved by both builders
during the initial experiments with this con-
figured wing concept, and particularly the
maneuvering performance in the high an-
gle of attack modes exhibited by Don
Sobbe’s FSW-3 R/C model during flights as
outlined in his articles.

The related experiences of further flight
testing of Don Sobbe’s FSW model disclose
many benefits in the handling characteris-
tics of the forward-swept wing planform
that we, as modelers, are seldom made
aware of or become knowledgeable of
other than the conventional designed air-
plane we have long accepted as the “stan-
dard.” The above articles prompted the op-
portunity to present the basic precepts
involved, and to provide an understanding
and appreciation of the complexities as-
sociated with swept wing design. Hope-
fully, this text will assist those modelers and
readers who want primarily to gain insight
into the mode! design process involved,
and to expand and help promote their in-
terests towards developing the new genera-
tion of swept-wing modeling.

Modern text book principles regarding
forward and aft swept-wing planforms relate
some interesting and enlightening evalua-
tions on the hows and whys of this subject
matter, and for what it's worth an analysis of
swept wing configurations is noteworthy of

books and texts which are listed as ac-
knowledgements at the close of the article.
AFT-SWEPT WING

Aft-swept wings are designed primarily
to: Arrange the CG of the airplane and the
Aerodynamic Center (AC) of the wing to
coincide more closely, improve high speed
characteristics on full-size high-perfor-
mance airplanes by delaying compressibil-
ity effects, and provide directional and lon-
gitudinal stability of tailless airplanes
(configurations with no separate stabilizer).

There are some disadvantages of an aft-
swept wing planform, particularly when
positioned at an increased angle of attack

Aft sweep causes inboard vortices to trail a-
head of outboard vortices, creating up-wash
toward tips; angle of attack and lift coeffi-

cient(CL} of outboard sections is increased
causing tips to stall first.

mention. Use of technical terms and for-
mulas are omitted, but rather, illustrations
are presented quite generally to facilitate
understanding.

Material presented for this article is a
compilation of data and information ex-
cerpted from many excellent technical

and reduced airspeed. Wing boundary
layers tend to move outboard, assisted by
the spanwise airflow component causing
them to separate prematurely at the tips.
Also, wing sweep staggers the vortices trail-
ing across the span so that those vortices
trailing inboard are ahead of those trailing
further outboard (See Fig. 1). This results in
early wing tip stalls (before the root stalls)
while the root, which is ahead of the CG,
continues to lift. Effectively, this is followed
by pitch up, forcing a full stall, rapid drag
rise, and potential pitch/rolliyaw diver-

TAILLESS ATRCRAFT WIS CONFIGURATIONS
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gence. On full-scale aircraft, a degradation
of control effectiveness and/or control
reversal may occur. Additionally, if gecomet-
ric sweep angle at the leading edge is exces-
sive, this may cause the wing to twist (aero-
elasticity) under aerodynamic loading, thus |
reducing the angle of attack at the tips |
(Refer to section on Forward-Swept Wing).

Flow characteristics shown in Fig. 1 are
approximate pattern lines on the upper sur- |
face with wings at an angle of attacke<  of |
approximately 21 degrees; a positive sweep |
angle A\~ of 45 degrees; and an aspect ra-
tio (A) of 6.

Swept-wing theory is based on the princi-
ple that the velocities which generate the
lift and drag forces are produced by the
component perpendicular to the leading
edge, or more specifically, to the 25-
percent chord line of the wing. It is rea-
soned that by changing the sweep of the
wing the relationship between the speed of
the aircraft and the wing velocity can be
changed. The principle is to place the air-
craft in the transonic range and have its
wing think it is back in the subsonic region.

The inboard regions of the aft-swept wing
are much closer to the nose of the aircraft
than are the tips, and as the airplane con-
tinues to develop lift “up front” after the aft
end (that portion further from the nose)
ceases to “cooperate,” the aircraftis likely to
nose up and approach a stall. Now, because
of the complexities surrounding aircraft de-
sign and all that which is associated with

aviation-related developmenrt, we resort to |

the “compromises” made available and es- |

sential to resolve and/or alleviate such con-

ceptual design barricades. Enter the |

devices, such as wash out of the tip, slats,
wing fences, vortex generators, Kruger
flapped, drooped leading edges, and out-
board leading edge extensions, all of which
serve to reduce the cross-flow and delay
pitch up—the sudden and dangerous nose
up movement.

Modelers delving into scale model
swept-wing jet aircraft designs may find
similar devices essential to the stability and
controllability of the model, which un-
doubtedly will provide more docile perfor-
mance during the high angle of attack and
flare out during landing modes.

For the most part, shallow portions of
sweep-back or sweep-forward do not sig-
nificantly affect the lift distribution. For
most models there is minimal benefit de-
rived from such wing planforms. As men-
tioned earlier, in full-scale aircraft a princi-
ple design practice applying wing sweep is
for the purpose of balance and stability.

FIG,
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The aerodynamic chord of a wing is lengthened as shown by projection and the airfoil section
is given greater fineness(chord length/maximum thickness) by sweep reducing geometricdily
the thickness/chord. Maximum chord thickness lies along the spar tine.

This is the reason why tailless aircraft have
generous sweep-back and/or sweep-
forward wing planforms (see Fig. 2).

For those anticipating swept-wing model
design, building, and flying, particularly in
the area of model jet aircraft, a suggested
approach to getting started would be taking
advantage of the pioneering and expertise
provided by the many manufacturers cur-
rently marketing scale jet aircraft kits. Their
product lines stem from the Sabre Jet F-86
through the “Top Gun” series F-14, F-15, F-16,
and F-18 aircraft.

The technology and kit engineering com-
bined with the manufacturer’s time-tested

flying, hardly makes it worthwhile to initi-
ate a project of such complex undertaking.
The experience in building from a kit will
serve as a baseline to further your design
development in the field of swept-wing
models.

As shown in Fig. 2, longitudinal stability
is obtained by incorporating decatage into
the wing so that the angle of incidence (a;)
of the surface behind the center of gravity
(CQ) is less than the a; of the surface for-
ward of the CG. With this arrangement, a
nose-up moment is generated equal and

Continued on page 103
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opposite to the normal nose-down pitching —

moment.

Some studies and works by well-known
scientists and design experts show that tail-
less aircraft do not necessarily need sweep
(see Fig. 3).

A reflex trailing edge incorporated in a
section of the wing can provide an unswept
wing with stable characteristics. However,
the CG position of an unswept tailless wing
is limited in range. In essence, wing sweep,
which effectively increases the chord of the
wing, provides more margin for mis-load-
ing (see Fig. 4). However, when the trailing
edge is reversed, as shown in Fig. 3, the
center of pressure moves to the rear if the
angle of the wing increases, thereby tend-
ing to reduce the flying angle and return the
wing to its normal flight position.

Planform arrangement shown in Fig. 3

lends itself favorably to R/C slope soaring
models with resulting exceptional flying
qualities, providing the CG is properly posi-
tioned and aggressive efforts towards finite
flight trimming is achieved. The reflex por-
tion of the wing trailing edge can incor-
porate elevon application for lateral and
longitudinal control effectiveness.

In support of the reflex wing tailless con-
cept, there are a number of model plans
and kits in free flight and R/C designs availa-
ble through most model aircraft publica-
tions. Successful models such as: The Gry-
phon, by Ron Neal; The Windfreak, by
Roger Sanders; and The Raven, by Dave
Jones are a few of the more popular designs
which offer combinations of aerobatics anc
slope soaring qualities. =

Again, various planform designs are com-
promises, and performance considerations
are equally varied. A tailless airplane rely-
ing singularly on the qualities of a straight
wing can be extremely sensitive, to the
point of producing a less than required
amount of damping about the lateral axis.
In contrast, a swept wing, having a longer
length between the forward apex and the aft

end of the lateral edges, would, therefore,
be more acceptable using the wing tips for
stabilization and control. Considering the
areas near the tips as a pair of horizontal tail
surfaces, we conclude a configuration
which is basically similar to the conven-
tional wing with a tail arrangement. To en-
hance directional stability and control, the
wing tips can be designed to include a pair
of vertical fins.

Early British developments with similar
parameters produced the “Pterodactyl
and several similar successful aircraft and

gliders were designed and built by Dr. Ing.
Alexander M. Lippisch.

The forward-swept, or “Buzzard Wing” as
it is sometimes referred to, is really a bor-
rowed principle which has long been pro-
vided by Mother Nature’s wing planform
for soaring birds—such as buzzards
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in Abhédngigkeit vom Klappenwinkel bei verschiedenen

Neutralpunktsricklagen

Soaring birds, such as buzzards, retain
their wings motionless with an average
sweep forward of the tips from approxi-
mately 10 to 20 degrees A. sweep angle,
For the approach-to-landing phase, when
highest possible lift is required, birds place
their wing tips even further forward which
results in an extreme forward sweep angle.
Because nature appropriates the simplest
and most effective “design concept,” this
function for increasing lift can be accepted
as ideal. If a more effective measure could
be made applicable, as increasing wing
camber for example, nature would un-
doubtedly have provided that concept.

Next month the author delves deeper
into the theory of swept-wing aircraft, in-
cluding the Grumman X-29A, the aclvan-
tages of aft-swept vs, forward-swept wings,
and tailless model gliders. .



Theories and Comments

By JOHN RAPILLO. . .In the final part of his two-part series on forward-swept wings, the author explains
the concept of forward-swept vs. aft-swept wings, and examines the Grumman X-29A .

* Theories, studies, and experiments in
modeling tailless glider designs through
the years has progressed to the present with
more than just cut and try methods (refer to
Fig. 2). In discussing the forward-swept
wing, model designers and builders pro-
vide instructive examples and design pa-
rameters of their findings and suggestions.
Among some reports of tailless and all-wing
glider (soaring types included) models,
wing designs with aspect ratios from 1:6 to
1:9 are considered as most advantageous,
and a wing taper ratio (from root to tip
chord) of 2:1. Forward sweep angles from 15
to 20 degrees and dihedral set at approxi-
mately 8 to 10 percent of the wing span.
Airfoil sections of symmetrical shape and
12-percent thickness prove adequate with a
wing washin of approximately 3 degrees at
the inboard section and the greater washin
angle of incidence at the tip extremities.

The most promising results, with regard
to designing and building an R/C forward-
swept wing model, lie within the scope and
applied efforts exercised by the builder.
Here then, is a workable baseline that can
be used for a starter project which allows
latitude for experimenting and modifica-
tion with some reservations in keeping with
known design rules and boundaries. Begin
by using the above parameters for your ini-
tial layouts, and expand on your designing, |
building, and flying progressively.

Forward-swept wings work somewhat op-
posite for aft-swept wing in that it functions
to assist low speed control. The forward-
swept wing avoids premature tip stall be-
cause the root section stalls first and aile-
rons tend to remain effective well into the
stall mode, however, pitch up still occurs.
Because the swept-forward wings stall near
their center sections first, the characteristic
is desirable from control considerations as
the outboard sections are free from separa-
tion and the lateral controls remain effec-
tive. It follows then, that lateral stability and
control can be retained with forward-swept
wing planforms. Conversely, forward sweep
has an adverse effect on directional stability
and, as such, a larger fin area is required for
this configured wing design.

In considering the usable operating lift
coefficient (C,) of a swept-wing, tip stalling
is generally the major factor as this leads to
the unstable pitch-up moment. The combi-
nation of aspect ratio and sweep angle in-
fluence the stall and thus the moment (see
Fig. 6).

On full-scale aircraft, forward-swept
wings, while aerodynamically advanta-
geous, is considered structurally objection-
able in some planform designs. This is be- |

FIG. 6 - FORWARD SWEEP PLANFORM
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Forward sweep causes outboard
vortices to trail ahead of

cause wing deflections produce increased
angle of attack, which increases lift and fur-
ther increases deflections (structural diver-
gence). This combination is classed as be-
ing aero-elastically unstable beyond some
critical speed (high Mach numbers), and

the critical speed (M,,,) may be restricted to |

a lower speed envelope unless the wing is
exceptionally rigid. The aerodynamic na-
tures of the forward-swept wing renders it
prone to structural divergence because as
dynamic pressures increase, forces tend to
deflect the leading edge upward. If a diver-

gent speed were reached, a cycle of leading |

edge bending, increased angle of attack,
and increased wing loading progresses to
cause and result in structural failure. Thus,
it can be asserted that wing design requires
a high margin of structural integrity and ri-
gidity to prevent and overcome divergence.

Reverting to the R/C model with a for-
ward-swept planform, structural integrity
should be a prime consideration during
wing construction, and the wing twist fac-
tion should be incorporated during the
construction stage. Obviously, a model of
three- to four-foot span does not incur
strong aerodynamic wing loads or extreme
performance speeds, so wing structure

Semi-span 11ft . =
Atsrribution for three—— SN
olan forma ! B )

need be only reasonably conventional.
However, designing for an eight-foot or
fonger wing span will require a more rigid
structure to avoid the inevitable torsional
(twist moments) loads which become mag-
nified with intensity as speed is increased.

There is a significant advantage offered
by the forward-swept wing arrangement
when considering the design of the wing
structure. The wing root area with its deep
chord section provides for a very rigid con-
struction, and also allows the root juncture
assembly to be located further aft, behind
the center of gravity (CG). It may also be
possible to derive a lighter spar structure as
a result of this planform arrangement, but
this presumption may have different conse-
quences depending on the builder’s ability
to construct “with lightness in mind” as a
prime concern.

Continuing with baseline principles, a
key element is the selection of a suitable
wing airfoil section. As mentioned earlier,
an appropriate wing section to start with
would be a semi-symmetrical airfoil of 12-
percent chord thickness, and this includes
the modern NACA five- and six-digit series
of laminar flow airfoils. These particular
sections were developed to achieve natural
flow in flight and produce significant drag
reduction. These sections are: NACA 63,-
012; NACA 63,-212; NACA 63,-412; NACA
64,-212; NACA 64--A212; NACA 65,-212;
and NACA 65,-412. Noted sections have
maximum [ift coefficients (C,,.,) in the or-
der of 1.6 for a plain airfoil, and approxi-
mately 2.5 with flaps. These coefficients are
measured at a Reynolds number of 6
million.



In using this type of airfoil during wing
construction and final assembly, particular
attention towards maintaining a constant
airfoil shape throughout is critical to the ef-
ficiency and performance characteristics of
the laminar flow airfoil section. Consider
that, when striving to lower the section
drag, the closer must be the attention to
maintaining both profile and surface finish.

Why a forward-swept wing and what ad-
vantage does it offer over the normal or the
aft-swept wing? Substantiations favoring the
forward-swept wing are:

1. The wing tips are relieved of static stress
on the wing structure because lift genera-
tion is higher at the center section (see Fig.
7). This produces the same effect as
washout on a normal straight wing.

2. The effects of a forward-swept plan-
form produce very favorable spiral (diving)
and lateral (yawing) characteristics.

3. Wing washout is not required and thus
is eliminated by the use of this planform.

4. Because the forward-swept wing re-
tains lateral stability and control, adding

washin to the tip regions will generate an

optimum overall lift effect.

5. Longitudinal stability is increased by
both forward- and aft-swept wing planforms
in that, the angular difference between
wing and stabilizer incidence (also referred
to as, “decalage,” and/or longitudinal di-
hedral) is smaller. In essence, the overall
wing lift produced at various angles of at-
tack is somewhat levelled out.

6. As a result of less sensitive angle of at-
tack changes, stabilizer areas can be re-
duced, or alternatively, a reduced length
tail moment arm can be implemented.

7. Wing sweep also transposes spanwise |

lift distribution.

As shown in Fig. 7, note the manner in
which taper causes section lift coefficients
to peak towards an early stall. Reduced Rey-
nolds number towards the tip would wor-
sen the condition. Washout towards the tip
on the aft-swept wing planform would re-
duce the incidence and lift coefficient
beneficially. (Refer to Figure 1.)
BACKGROUND—FORWARD-SWEPT
WING (FSW) CONCEPT

The forward-swept wing (FSW) concept is
not new, as the aerodynamic advantages of
forward-swept wings were recognized and
developed during WWII. The JU-287 Cer-

| Fig. 8--Planform of the Grumman X-29A.

man bomber was in its development stages
when Germany collapsed, but was further
improved and placed into production by
the Soviet Union later on. Another German
project was the Blohm and Voss BVP 209
fighter with a 26.5-foot span which em-
ployed a pronounced forward-swept wing
planform. However, this project never
proceeded beyond the design stage. There
were a number of German designed and
developed high-performance sailplanes
which included the FSW concept. Another
design which incorporated the FSW plan-
form was the American experimental ultra-
sonic Convair XB-53 aircraft. This particular
project incorporated a pronounced sweep
forward, short span, and stubby wings to at-
tain ultrasonic speeds.

Since then, FSW research and develop-
ment has progressed to the present state of
the art, and the improvements in design
concepts, techniques, and govemment pro-
gram funding collectively have brought
about the newest derivative of experimental
projects, the Grumman X-29A Forward-
Swept Wing demonstrator (see Fig. 8).

FSW design offers the promise of a new
generation of tactical aircraft that will be
lighter in weight, smaller in size, more cost
effective, and more efficient than contem-
porary fighters. The advantages include im-
proved maneuverability with virtually spin-
proof characteristics, better low-speed han-
dling, and reduced stalling speeds. Addi-
tionally, such designed aircraft have the ad-
vantage of lower drag across the entire
operational envelope, particularly at
speeds approaching Mach 1. Effectively,
this permits the use of a less-powerful
engine.

In the roll of a hi-tech prototype article
and test-bed for Air Force and Navy ad-
vanced tactical fighter aircraft (ATF and ATA)
programs, the X-29 represents combined
aerodynamic features which include close-
coupled canards, variable camber wing
trailing edges, rear strake flaps, and digital
fly-by-wire control system with an analog
back-up computer to update positions of
the control surfaces.

A significant design goal of the X-29 is to
provide a 20-percent drag improvement
over aft-swept wing aircraft. To date, the X-
29 has been flown to Mach 14 speed,
reached 5.3,, and flown up to 20-degree
angle of attach. A second angle of attack
program is planned this year using a No. 2
X-29A aircraft.

General dimensions for the X-29A full-
scale aircraft are presented for those whose
interests lie with scale ducted fan R/C pro-
jects
WINGS

Airfoil: Supercritical wing section.

Thickness/Chord Ratio: Root—6.2 per-
cent; Tip—4.9 percent.

No dihedral.

Incidence: -6 degrees at wing station 20
to +0.8 degrees at wing station 163.22.

Forward Sweep at 25-percent quarter
chord: 33 degrees-44 feet.
Span: 27 feet, 2.5 inches.

Chord: Root—9 feet, 8.5 inches; Tip—3
feet, 11 inches.

Area: 188.84 sq. ft.

Aspect Ratio: 4.
FOREPLANES
All-moving canard surfaces.

Continued on page 91
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Span: 13 feet, 7.5 inches.

Area: 35.96 sq. ft.
FUSELAGE

Overall length, including nose probe: 53
feet, 11.25 inches.

Height: 14 feet, 3.5 inches.

{*) Note: It has been reported that a German
modeler who produces, among other scale
R/C jets, an impressive model of the X-29
FSW with a wing span of 51 inches,
fuselage length of 90 inches, and a flying
weight of 12 pounds. The modeler, Mr. Her-
bert Koudelka, can be contacted by writing
to his address: 18 Stauffenbergstrasse, 6050
Offenbach/Main, Federal Republic of
Germany.

Referring to Fig. 6 and the general com-
ments relating to lateral stability necessi-
tates some explanation to describe the ef-
fects of lateral stability on forward-swept
planforms. Using a hypothetical futuristic
FSW concept for our model, let's review
some factors and examples (see Fig. 9).

As shown in Fig. 10, the airplane sideslips
(E) due to the gravity force (G), but also
moves forward because of thrust power
(propeller or ducted fan unit). As a result of
this combination of motion, the airplane
actually moves in the direction indicated by
arrow (C). The volume of air (relative wind)
striking the low pinion is proportional to
the “large effective span” area. Conversely,
the air stream width striking the high pinion
is a lesser volume, as indicated by the
“small effective span” area. Accordingly, air
action on the low pinion causes much
greater lift than on the high pinion.

As lift on the lowered wing increases and
contrarily decreases on the higher wing,
the airplane rotates about its longitudinal
axis (AB) back to the normal position. The
resultant lift (D) of both pinions acts upward
on the lower pinion (whose lift action is
identified as DMIS

MIE*) because this pinion has more lift.

Correspondingly, the two forces, D and
G, team up to from a “righting” couple (F),
rotating the airplane back to flight position;
reason being, that the forces D and G are
opposites in their action, and as such, do
not act at the same point. The farther apart
these two forces are, the more powerful is
the righting tendency.

I conjunction with the above, it can be
added that forward-swept wings embody
satisfactory directional stability and conse-
quently produces sufficient turning and cir-
cling flight characteristics. For R/C models,
forward-swept wings provide effective tur-
nability, and it may be that the FSW plan-
form does have significant influence in the
“righting” and stabilizing effects of the
model during takeoff and landing modes
while flying in stronger winds and gusting
conditions.

To summarize, the above information is
basic in nature and provides only a general
substance for the familiarization with
swept-wing design as reflectéd by full-scale
aircraft. Many illustrations and the techni-
cal explanations presented here are con-
densed outlines of sections taken from
references noted below.

For models, appropriate design parame-
ters, at best, are usually experimental ap-
proaches bordering success, but realisti-

The 50 year old midget sail-
plane "Lil Dogie'- Screaming
Weiner., Owned by Bob Fronius
on the left, being flown by
Hernan Posnansky, Hemet, Ca.

cally, a great deal of study, evaluagion,
preliminary design, and comparison
reviews of existing model concepts are re-
quired principles to resolve a workable and
satisfactory project. When beginning a de-
sign, it is important not to become content
with early three-view sketches and layouts;
make numerous sketches and brainstorm
all the ideas you can muster. You'll know
when the final design can be “frozen” and
preparations for cutting wood are at hand.

In the final analysis, your completed de-
sign will have consumed an exorbitant
amount of your time and best efforts in
producing the ultimate flying machine, so
your achievement is most worthy of your

pride and strong sense of
accomplishment—after all, you created it.
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OUR COVER STORY
THE FLYING PLANK

One of the most important ingredients in keeping
any air museum moving shead is the acquisition of a
new sirplane. First it provides added reasons to
find the ways and means to expand such a museum. In
sddition it develops remewed interest and support
throughout the ranks of those involved in museum
activities.

Several months ago we were very pleased to hear
from Al Backstrom, AAA M-1697, of Little Elm, Texas,
offering to donate his experimental Flying Plank N-
20WB to the APM. This unique machine was developed
with the help of Van White, a well known experimen-
tor of Lubbock, Texas and another friend John Powell.
The Plank first flew in 1975 and on May 2, 1976 the
first flight around the pattern was achieved. On
the 28th of May extended flight was made outside the
airport pattern. Being powered with a two cycle
engine there was alot of development work and through
trial and error. many problems surfeced and were
solved. The first engine lasted 71 hours and 30
minutes. After feverish engine repair efforts the
Plank was taken to Oshkosh by trailer and was suc-
cessfully demonstrated there at the 1977 EAA Fly-In.

During 1978 and 1979 further development contin-

— Q

ued. Al Backstrom decided to attempt a X-C to Osh-
kosh 1979 but run into more engine problems and time
ran out for making Oshkosh that year.

By 1980 a totel of 110 hours were logged on the
Plank, Al Backstrom has since retired from the FAA.
A broken arm suffered in a fall has delayed his ef-
forts to deliver the Plank to the APM,

We cdo recall beiny at the Texas AAA Chapter Fly-
In at Denton in 1980 when Al flew his Plank in for
that event. Our cover photo was taken by Brent
Taylor at one of the Denton Fly-Ins.

Al Backstrom plans to trailer the Plank to An-
tique Airfield and we hope to hersld his arrival
during the July 2-4 APM Reunion, The Backstrom
Flying Plank will be suspended in the main APM han-
gar. It will be an educational display recognizing
the ingenuity of Al Backstrom and his associates in
the development of such & unique design. Ref: The
February 1980 issue of Sport Aviation has a detailed
seven page article on the Backstrom Plank.

The APM is very proud to be chosen as the ajr
museum to display the Plank. Our thanks to Al Back:’
strom and his associates for adding to the scope of
the APM Collection. RLT
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